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© Improvements in or relating to pole-amptitude modulation, pole-changing electric motors and generators. 



@ A pole-amplitude modulation (P.A.M.) three-phase, 
polo-number changing machine having star-connected stator 
winding components (11. 13, 15) and delta-connected stator 
winding components (12. 14, 16) thereby providing additional 
means for reducing ni.m.f. harmonics In the resultant three- 
phase field. Pole-number changing is effected by reversing 
the star-connected winding components (11. 13. 1 5) relatively 
to the delta-connected components (12. 14, 16). 

A design method defines relationships between alterna- 
tive pole-numbers and stator slot number, and slot-spadng 
between star- and delta-connected components. 
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Irprovements in or relating to Pole-Amplitude Modulation, 
rclg-Changing Electric Motors and Generators 

rescription of .the Invention 
Introduction 

5 This invention relates to stator windings for pole- 

amplitude modulation (P. A.M.) pole-changing electric 
machines, either speed-changing motors or pole-changing 
generators . 

The object of the invention is to provide a method 
10 for reducing the harmonic content of the magnetomotive 
force field produced by a P. A.M. winding which is an 
alternative method to the methods already known for such 
purpose. The object is further to provide P.A.M, windings 

m 

wherein the harmonic content of the ra.m.f. field is reduced 
15 by such method. 

Accordingly, one form of the invention provides a 
pole-amplitude modulation, pole-number changing 
electric machine having a three-phase stator winding com- 
prising three phase-winding sections in delta connection and 
20 three other phase-winding sections in star connection, coils 
or coil-groups of the delta-connected phase-windings and 
coils or coil-groups of the star-connected phase-windings 
following each other regularly and alternately around the 
winding periphery and pole-amplitude modulation of the • 
25 combined stator winding being effected by reversal, in 
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current-carrying sense of the series-connected phase 
windings relatively to the delta-connected phase-windings. 

Another form of the invention provides a method for 
designing a pole-araplitude modulation, pole-number 
5 changing electric machine having a three-phase stator 
winding comprising star-connected and delta-connected 
winding sections, including the steps of :- 

Selecting a slot-number "S" for a three-phase winding 
element where S - 12 slots or a multiple thereof; 
10 Selecting a pole-number "Pi" for the first of the ' 

alternative pole-numbers required; 

Designing a first three-phase winding for Pi -poles 
in is slots; 

Designing a second and similar three-phase winding for 
15 PI -poles in iS slots having coils with substantially lA/J 
times the number of turns and conductors of substantially ^ . 
times the cross-section area of the coils of the first windir.; 

Combining the first and second said windings in the 
S slots of the winding element using a phase band of each 
20 winding in a regular and alteraate sequence throughout 
the winding section; 

Ensuring that the slot-spacing of corresponding phase- 
bands of the first and second windings corresponds substantial 
to 30° electrical spacing at the first pole-number,' PI; 
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Selecting one pole-number from the alternatives 
P1 + S and P1 - S to be the second alternative pole-number; 

Selecting a stator slot-niunber equal to NS slots, 
where N is a small even integer; 
5 Combining iN pairs of said winding elements in the NS 

slots of the stator with such slot-spacing- that the 
m.m.f. component of either (PI + S)-poles or (P1 - S) -poles, 
whichever one was not selected for the second alternative 
pole-number, is most completely eliminated; 
10 Selecting a coil-pitch for the combined winding; 

Connecting the said first three phase-windings in 
delta-connection and connecting the second three phase- 
windings, at one end of each, to the delta terminals of the 
first windings; 

15 Providing six control leads from the delta terminals 

and the other ends of the second windings for providing 

m 

parallel-( Star /delta) and series-(star/delta) switching 
of the combined stator winding for providing said first 
pole-number and said second pole-nujfnber, respectively. 
20 In order that the invention may be fully understood 

and readily carried into practice, the method of the 
invention and two embodiments of P. A.M. stator windings 
designed according to the method will now be described in 

# 

detail, the embodiments by way of example, with reference 
25 to the accompanying drawings. 
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Fig. 1 shows a series of three switching diagrams 
for three-phase P. A.M. stater windings, showing 
(a) parallel-star/series-star 
5 (b) parallel-star/series-delta 

and (c) Parallel-(star/delta)/series-(star/delta) 
alternative connections; 

Fig. 2 is a slot diagram showing a 12-slot winding 
element; 

10 Fig. 3 is a winding diagram of a three-phase, 2-pole/ 
10-pole, P.A.M. winding in 24 slots; and 

Fig. A is a winding diagram of a three-phase, 2-pole/ 
lA-pole, P.A.M. winding in 24 slots. 
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Descriptlnn of the M ethod and Examples 

In the design of stator windings for three-phase 
electric motors, two standard single-speed, three-phase 
component windings, one connected in delta and the other 
5 in star, can be supplied in parallel. For such connection, 
the e.m.f.'s in the two parts must be in correct relative 
phase, that is displaced by substantially 30° electrical, 
and the effective numbers of turns per phase in the two 
windings should be substantially in the ratio /3 to 1 
10 for the delta and star sections, respectively. Such a 
paralleling arrangement has been used to reduce the 
harmonic content of a single-speed winding. 

It has now been found that a delta/star winding 
arrangement, with substantially 30° phase shift, can be 
15 used with advantage for P.A.M. electric machines. 

Fig. 1 shows at (a), (b) and (c) three different 
three-phase P.A.M. findings with switching for changing 
the pole-number. All three arrangements show a phase- 
winding section 11 with an end terminal 1 joined at a 
20 terminal 2 to a phase-winding section 12, a phase-winding 

m 

section 13 with an end terminal 3 joined at a terminal 4 
to a phase-winding section ^k and a phase-winding 
section 15 with an end terminal 5 joined at a terminal 6 
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to a phase-windiag section 16. 

For all three arrangements of Fig. 1 (a), (b) and 
(c), a first pole-number is provided by supplying 
terminals 2, 4 and 6 from phases A, B and C, respectively 
5 and Joining together terminals 1, 3 and 5. The second pole 
number is provided by supplying terminals 1 , 3 and 5 from 
phases A, B and C, and by isolating terminals 2, 4 and 6. 

Fig, 1 (a) is a parallel-star/series-star switching 
arrangement and shows the series-star arrangement; 
10 Pig. 1 (b) is a parallel-star/series-delta switching 

arrangement and shows the series-delta arrangement; and 

Fig. 1 (c) is a parallel-(star/delta)/series-(star/ 
delta) switching arrangement and shows the series (star- 
delta) arrangement. 

15 It will be noted that six control leads, from terminaii, 

1-6, are required for each switching arrangement. 

Fig. 1 (a) and Fig. i (b) are known winding and 
switching arrangements. Fig.' i (c) shows the new winding 
and switching arrangement required by the present invention. 
20 In the arrangements of Fig. i (a) and Fig. i (b), all 

phase-winding sections 11-16 are identical as regards the 
number of turns per coil and conductor cross-section area. 
In the star-delta arrangement of Fig. i (c), the 
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star-connected coils must of course carry a current which 

is greater than the current carried by the delta- 

connected coils, substantially in the ratio of /3 to 1. 

However, the turns of the star-connected coils must be fewer 

5 in number, substantially by the factor l//3 times the turns 

of the delta-connected coils, in order to permit parallel 

connection of the star-connected and the delta-connected 

windings. Correspondingly, the conductor cross-section area 

for the star-connected coils is greater, substantially by 

10 the factor yy times the conductor. area of the delta-connected 

2 

coils. In consequence, the I R heating loss is the same for 
both star-connected and delta-connected coils. All coils 
will be of the same physical size and all stator slots will 
be fully filled. 
15 Thus, in Fig. 1 (c), the phase-winding sections 11, 

13 and 15 have approximately 1//3 times the number of turns 
of the phase-winding sections 1Z, 14 and 16. The phase- 
winding sections 11, 13 and 15 have a conductor cross-section 
area approximately ^ times the .conductor area of the phase- 
20 winding sections 12, 14 and 16, the said approximations being 
within the normal design tolerances for rotary electrical 
machines. 

Two examples of windings according to Fig, 1 (c) 
are described below. A 2-pole/lO-pole winding is ^. 
25 described with reference to Figs. 2 and 3 and a 2-pole/ 

l4-pole winding is described with reference to Figs. 2 and 4. 



00l883f 



-8 - 



Notwithstanding the 2-pole/lO-pole and 2-pole/l4.pole 
examples chosen, the arrangement of Fig. 1 (c) is quite 
general, in that it may be applied to windings for any 
P.A.M. pole-numbers. However, it provides particular ' 
5 advantages for pole-combinations which are both odd 
numbers of pole-pairs.' 

It is unnecessary for the star and delta parts of 
the arrangement, sections 11, 13 and 15 and sections 12, 14 
and 16, respectively, to be separately designed for P.A.M. 
10 pole-changing, by the customary series/parallel switching. 
• because the star and delta winding components are them- ' 
•selves switched in a series/parallel manner. • This switching 
provides P.A.M. pole-number changing and requires six • 
switching terminals, terminals 1-6. as is always the miniauc 
15 number required for P.A.M. switching. 
The Metho d of the Invention 

Before describing the two examples, the design method 
of the invention will be described, first with reference to 
Fig. 2. 

20 Fig. 2 shows a three-phase winding element in a sub- 

multiple .of the slots chosen for the stator frame. In 
this example, the element is a 12-slot element, this being 
appropriate to the examples of Fig. 3 and Fig. '4. 
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Fig. 2 shows at line (i) the slot numbers 1-12. At 
line (ii) is shpvm the simplest possible balanced, three- 
phase winding. This is a 2-pole winding and is placed in th 
even-numbered slots of the 12- slot element. At line (iii) 

5 is shown a duplicate of the line (ii) three-phase 

winding placed in slot 1 and the remaining odd-numbered 
slots. 

Since both three-phase windings must each occupy 6 
slots minimum, it is evident that the minimum winding 
10 element must occupy 12 slots. The stater slot-number will, 
later be seen to be an even multiple of 12 slots. Both 
stators of Figs. 3 and 4 are 24 slots. 

Each three-phase winding occupies one-half of the 
total number of slots, but need not necessarily occupy 
15 alternate slots as shown in the Fig. 2 example. Using a 
multiple of 12 slots element, the two windings may occupy 
alternate pairs of slots or be in some other regular and 
alternate sequence . 

It is supposed that the winding of line (ii) will be 
20 connected in star and the winding of line (iii) will be 
connected in delta. Thus, as explained with reference to 
5*ig- 1 (c), the coils of the winding of line (ii) have 
I//3 times the number of turns of the coils of the winding 
of line (iii). The coils of the winding of line (ii) have 
25 /S times the conductor cross-section area as the coils of 
the winding of line (iii). 
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Fig. 2 line (iv) shows the resultant distribution of 
coils of the combined stator winding. 

The two groups of three phase-windings are connected 
together as was shown in Fig. i (c) in order to provide 
alternative parallel- (star/delta) and series- (star/delta) 
connections. It is to be noted that the star-connected 
phase-winding sections are reversed in current-carrying 
sense in the alternative parallel and series connections. 

Referring to Fig. 2 line (iv) it will be seen that 
six alternate phase-winding sections are reversed in the 
alternative connections. This corresponds to a 12-pole 
overall modulating wave for the purpose of pole-amplitude 
modulation. This modulating wave is shown at (v) in 
Fig. 2. 

Accordingly, by P.A.M. theory, if the first pole- 
number is P^,- the second pole number is given by: 

1*2 = ^1 + ''2 
or P2 » P:, - 12 

Thus, with the 2-pole, 12-slot winding element of 
Fig. 2, the modulated pole-number is either (+) 14 poles 
or (-) 10 poles. 

Fig. 3 shows the 2-pole/ lO-pole case and Fig. 4 shows 
the 2-pole/lA-pole case. 
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One of the alternative connections, usually the lower 
of the alternative pole-numbers, is a parallel connection 
of the star-connected and delta-connected windings. It is 

4 

a requirement of the winding arrangement, for parallel 
connection, that the star-connected and delta-connected 
windings are spaced apart by approximately 30° electrically, 
in order to avoid circulating currents. 

For the alternative series connection of the star- 
connected and delta-connected windings, such circulating 
0 currents cannot flow and the strict requirement of electrical 
spacing does not apply. It is sufficient for the e.m.f.'s 
of the star-connected and delta-connected winding sections 
to be displaced by substantially 30° electrically for the 
second pole-number, 10-poles or l4-poles in these examples, 
5 so that the resultant winding factor is not seriously reduced 
Vhen the two 6-slot winding components are connected 
in the same sense,- as shown in line (iv), the two 2-pole 
m.m.f, components are additive. The 10-pole and l4-pole 

4 

m.m.f. harmonics, of the two winding components, neutralise 
.0 each other. The lowest Orders. of residual harmonics are 
the 11th and I3th and both are of small magnitude. 

The resultant 12-slot winding when connected in either 
parallel or series star-delta arrangement and fed from a 
balanced 3-phase supply sets up, in effect, a 12-phase 

* 

25 distribution of ampere-conductors. It is the best possible 
distribution which can be achieved in 12 slots. The 
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distribution (or layer) factor is unity at each pole number 
and the series of harmonics produced is of orders p i 12k 
where p is the basic pole-pair number and k is any positive 
integer. All harmonics other than slot harmonics are 
5 zero. 

With the alternative connection of Fig. i (c), the 
two 6-slot winding compnents are connected in opposite • 
sense, those phase-winding sections under the modulation 
wave of Fig. 2 (v) being reversed. In this connection 

10 the 2-pole m.m.f. components and the llth and 13th harmonics 
of the two 6-slot winding components neutralise each other. 
The 10-pole and l4-pole harmonics are additive in the two 
winding components and both are present in the resultant 
m.m.f. field, for the reason that that slot spacing which 

15 represents 50° electrical for .2-poles represents 150° spacing 
for 10-poles and 210° spacing for l4-poles. 

. The 12-slot winding component of Fig. 2 is not of 
practical use in itself, since both modulated pole-numbers 
are present in the modulated connection. 

20 By way of explanation, it may be noted that, for most 

known P.A.M. pole-number changing, three-phase windings, 
one of the modulated pole-number components is eliminated 
in the resultant three-phase field by reason of the relative 
electrical spacing of the modulated components in the 

25 three-phase field. The three-phase winding of Fig." 2 is" 
not such a case, because the 10-pole and i4-pole m.m.f. 's 
are both slot-harmonics and thus cannot be eliminated from 
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a 12-slot winding, although it is a three-phase winding. 

However, a pair or pairs of 12-slot winding components 
can be combined 'as the stator winding of a practical machine 
as will be shown by the two examples which follow. 
Example 1 

Fig. 3 is the winding diagram of a 2-pole/lO-pole, 
three-phase winding in 24 slots, comprising two 12-slot 
winding elements according to Fig. 2, combined in a single 
stator so as to minimise the 14-pole component. 

The two 12-slot elements, arranged, dimensioned in 
respect of coil turns and coil conductor size and switched" as 
shown in Fig. 2, are interleaved at 5 slots spacing, without 
change of sign, to form the required 2A-slot stator. 

The chosen spacing of 5 slots corresponds to 75^ 
electrical spacing for 2-poles in 24 slots, corresponds to 
375°, that is 15°, spacing for 10-poles and 525°, that is 
165°, spacing for l4-poles. The two 10-pole components 
are additive, with only 15° error and* the two l4-pole 
components almost neutralise each other. 

It is not possible to form the winding of Figs. 2 and 3 
into a concentric winding and hence a uniform coil pitch is 
to be chosen. A coil pitch of 7 slots throughout, slot 1 to 

« 

slot 8 and so on, is equal to 2.91 pole-pitches for 10-poles 
and provides a high winding factor for that pole number. 

•The lower pole-number of 2-poles is provided by the 
parallel- (star/delta) connection, the three-phase supply 
being connected to terminals 2, 4 and 6 and terminals 1, 3 



0018835 



- 14 - 



and 5 being Joined together. The higher pole-number of 
10-poles is provided by the series-( star/delta) connection, 
the three-phase supply being connected to terminals 1 , 3 
and 5 and terminals 2. 4 and 6 being isolated. 
5 The. winding factors are = 0.629 and W^q = 0.983, 

The air-gap flux-density ratio B^/B^ =0.625. 

The 12-slot, 2-pole winding element, consists, in 
effect, of two 6-slot elemental three-phase windings 
in parallel and hence has a distribution factor of unity. 
10 The only residual harmonics are slot-harmonics for either 
winding, in both the connections. 

The alternative connections provide opposite 
directions of rotation at the alternative pole-numbers, 
for the same supply sequence. 
15 Example 2 

Fig. 4 is the winding diagram of a 2-pole/i4-pole, 
three-phase winding in 24 slots, comprising two l2-slof 
winding elements according to Fig. 2, combined and spaced 
. apart around a single stator so as to minimise the 10-pole 
20 component. 

The two 12-slot elements, arranged, dimensioned in 
respect of coil turns and conductor diameter, and switched 
as shown in Fig, 2. are again interleaved at 5 slots 
spacing, but in this example "with change of sign of' one • 
25 component. 

The chosen spacing, with reversal of' sign, now 
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corresponds to 105° electrical spacing for 2-poles in 
Zk slots. The lO-pole components are correspondingly 
neutralised and the l4-pole components are now additive. 

As it is not possible to form the winding of Figs. 2 
and 4 into a concentric winding, a choice may be made, 
from two possible coil-pitches, either 5 slots throughout 
or 9 slots throughout. As 5 slots coil-pitch would give 
a very low winding factor for 2-poles, the coil -pitch • 
of 9 slots has been chosen for the winding of Fig. 4. 

The lower pole-number of 2-poles is provided by the 
parallel-(star/delta) connection, the three phases being 
connected to terminals 2, 4 and 6 and terminals 1, 5 and 5 
being joined together. The higher pole-number of 14- 
poles is provided by the 5eries-(star/delta) connection, 
the three phases being connected to terminals 1 , 3 and 5 
and terminals 2, 4 and 6 being isolated. 

The winding factors are = 0.483 and W^^ = 0.S16. 
The air-gap flux-density ratio B^/B^^ = 0.541. 

The alternative connections provide the same direction 
of rotation at the alternative pole-numbers, for the same 
supply sequence. 
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General Examples 

Including' the 2-pole/10-pole winding in 24 slots of 
Example 1 and the 2-pole/l4-pole winding in 24 slots of 
Example 2, it will be readily understood from the Method 
5 and the Examples particularly described, that the 
invention may be employed to provide windings of the 
following alternative pole-numbers and in the following 
stator alot-nvunbers : 

(i) 2-pole/10-pole in 24. 48, 72, 96, (etc. ) -slots; 
10 (ii) 2-pole/l4-pole in 24, 48, 72, 96, (etc. )-slots; 
(iii) ^-Pole/20-pole in 48, 96, (etc.)-slots; 
(iv) 4-pole/28-pole in 48, 96, (etc. ) -slots, • 

(v) 6-pole/30-pole in 72, 144-slots; 
(vi) 6-pole/42-pole in 72, 144-slots. 
15 The examples of (i) and (ii) involve doubling, 

. tripling, etc. the number of slots occupied by the basic 
24-slot winding. 

The examples of (iii) and (iv) involve duplicating 
the basic 24-slot, 2-pole/lO-pole or 2-pole/i4-pole " 
20 winding in 48 slots and doubling the number of slots to 
96 slots, etc. 

The examples of (v) and (vi) involve triplicating 
the basic 24-slot. 2-pole/lO-pole or 2-pole/l4-pole . 

m 

winding in 72 slots and doubling the number of slots to 
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144 slots, etc. 

To state the invention in its most general form, 

m 

windings can thereby be designed for the combination of 
any two pole-numbers selected from the series: 2. 10, 14, 
5 22, 26, 34, 38, etc. -poles. 

Examples of 2 pole/lO pole and 2 pole/l4 pole machines 
have been described. A 2 pole/22 pole machine could be 
added to this group. 

Other examples include 10 pole/l4 pole, 10 pole/ 22 pole 
10 and so on pole combinations and 14 pole/22 pole, 14 pole/26 
pole and so on pole combinations, and so on for higher pole- 
number combinations, should such be required. 

Further, integral multiples of the aforesaid pole 
combinations can be provided by repeating a basic winding 
15 distribution the required number of times in a stator having 
the same required multiple number of slots. Thus, 4 pole/ 
20 pole, 4 pole/28 pole, 6 pole/JO pole and so on pole 
combinations can be obtained. 
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Claims 

1. A pole-aiaplitude modulation, pole-number changing 
electric machine having a three-phase stater winding 
with series/parallel pole-number changing connections 
5 for the three phase-windings characterised by three 
phase-winding sections (12, 14, 1-6) in delta 
connection and three other phase-winding sections 
(11,13, 15) in star connection, coils or coil-groups 
(A^-C^ B^-A^ ^l-^l) of ^ delta-connected phase- 
10 Windings and coils or coil-groups (Ag-Cg B^-A^ C^-B^) 
of the star-connected phase-windings following each 
other regularly and alternately around the winding 
periphery and pole-amplitude modulation of the 
combined stator winding being effected by reversal, 
15 in current-carrying sense of the star-connected phase 
windings (11,- 13, 15) relatively to the delta- 
connected phase-windings (12, 14, i6). 
2. A method for designing a pole-amplitude modulation, 
pole-number changing electric machine having a three- 
20 phase stator winding with alternative series/parallel 
connections for the three phase-windings for said 
pole-number changing, characterised by the steps of:- 

Selecting a slot-number "S" for a three-phase 
winding element where S = 12 slots or a multiple 
25 thereof; 
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Selecting a pole-number "PI" for the first of 
the alternative pole-numbers required; 

Designing a first three-phase winding for P1- 
poles in iS slots; 

Designing a second and similar three-phase winding 
for P1 -poles in -^S slots having coils with sub- 
stantially 1>(/T times the number of turns and 
conductors of substantially times the cross-section 
area of the coils of the first winding; 

Combining the first and second said v/indings in 
the S slots of the winding element using a phase band 
of each winding in a regular and alternate sequence 
throughout the winding section;- 

Ensuring that the slot-spacing of corresponding 
phase-bands of the first and second windings corresponds 
substantially to 30^ electrical spacing at the first 
pole-ntmiber , P1 ; 

Selecting one pole-number from the alternatives 
(PI + S) and (P1 - S) to be the second alternative 
pole-number; 

Selecting a stator slot-number equal to NS slots, 
where N is a small even integer; 

Combining pairs of said winding elements m 
the NS slots of the stator with such slot-spacir.'^ 
that the m»m.f. component of either (P1 + S)-polr;s or 
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(PI - S)- poles, whichever one was not selected for 
the second alternative pole-niimber, is most 
completely eliminated; 

Selecting a coil-pitch for the combined winding; 
Connecting the said first three phase-windings 
(12, 14, 16) in delta-connection and connecting the 
second three phase-windings (11, 13, 15), at one end 
of each, to the delta terminals (2, 4, 6) of the first 
windings ; 

0 Providing six control leads from the delta 

terminals (2, 4, 6) and from terminals (1, 3, 5) at 
the other ends of the second windings (11, 13, 15) for 
providing parallel- (star/delta) and series-( star/delta) 
switching of the combined stator winding for providing 

5 said first pole-number and said second pole-number, 
respectively. 

3. A pole-amplitude modulation, pole-number changing 
electric machine as claimed in Claim 1 , characterised 
by two alternative operating pole-numbers both of 

0 which are odd-numbered pairs of poles. 

4. A pole-amplitude modulation, pole-number changing 
electric machine as claimed in Claim 1 , characterised 
by two alternative operating pole-numbers both of 
which appear in the series 2, 10, 14, 22. 26, 34, 38,. 

5 and so forth, the said series being defined by the 
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general expression: (2 - 12N), where N is zero or any 
integer and a negative sign of the resviltant is 
ignored. 

5. A pole-amplitvide modulation, pole-number changing 
5 electric machine as claimed in Claim 1 , characterised 

by two alternative operating pole-numbers both of 
which appear in the series 4, 20, 28, 44, 52, 68, 76, 
and so forth, the said series being defined by the 
general expression: (2 - 12N) x 2, v/here N is zero 
10 or any integer and a negative sign of the resultant 
is ignored. 

6. A poie-amplitude modulation, pole-number changing 
electric machine as claimed in Claim 1 , characterised 
in that the pole-number changing stator winding is 

15 wound in a slotted stator, comprises a star-connected 
part (11, 13, 15) and a delta-connected part (12, 14, 

« 

16), each said v/inding part occupying one half of the 
total- slots of the stator, both said parts being made 
up of the same 2-pole basic- layout, with the same 

20 phase-band sequence, phase-bands of . the two winding 
parts alternating around the stator circxxmference and 
corresponding phase-bands of the two winding parts 
being equally spaced-apart throughout, all istator 
slots being fully filled and the coils of the star- 

25 connected winding part (11, 13, 15) comprising coils 
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of ^ times the number of turns and /J times the 
conductor cross-section of the delta-connected winding 
part coils (12, 14, 16). 

7. A 2-pole/l0-pole, pole-amplitude modulation, pole- 
5 number changing electric machine as claimed in Claim 1, 

characterised by construction substantially as * 
described herein with reference to Figs, 2 and 3 of 
the accompanying drawings. 

8. A 2-pole/l4-pole, pole-amplitude modulation pole- • 

» 

10 number changing electric machine as claimed in Claim 1, 
. characterised by construction substantially as described 
herein with reference to Figs. 2 and 4 of the 
accompanying drawings. 

9. A method as claimed in Claim 2, characterised by 
15 the steps substantially as described herein. 
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